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INTROOUCTION 

PURPOSE 


This specification defines the functional requirements of 
two S-Memory Processors intended for general purpose data 
processing. Environmentat conditionse safety conditions» 
reliability parameters» power requirementS» etce» are 
specified in PeSe #1913 1739» B1700 CENTRAL SYSTEMS. 


Both processors have [/0 bus interfaces for communication 
with the 1/0 subsystems control panet interfaces for 
communication with the control panel» and 
memory~to~processor interfaces for communication with main 
memory €B1700 S-Memory). 


S*Memory-Processor-1 can address up to 64K bytes (512K 
bits) of memory. S~Memory-Processor“2 can address up to 
128K bytes C1024K bits). 


Both processors are capable of operating with 2MHZ as well 
as 4MHz clocks. 


An appropriate processor adapters either 2MHz or 4MHZ2» i5 
required with S-Processor-13 S-Processor-2 requires no 
adapter but only a field adjustment of the clock rate. 


PRODUCT IDENTIFICATION 


2205 0967 S“MEMORY PROCESSOR=1 
2208 3141 S*PROCESSOR“1 AQAPTER» 2MHz 
2208 3158 S“PROCESSOR~1 ADAPTER+ 4MHz 
2212 8276 S*MEMORY PROCESSOR <2 
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RELATED SPECIFICATIONS 


PeSe # NAME 

1904 5681 B1700 SYSTEM INDEX 

1913 1739 B1700 CENTRAL SYSTEM 

2204 8623 B1700 I70 BUS SUBSYSTEM 

1913 1754 B1700 MEMORY SUBSYSTEM 

2205 7376 B1700 S=MEMORY STORAGE CARD 

2209 7968 B1700 CONTROL PANEL 

SeDeSe # NAME 

2204 8656 B1700 S“MEMORY/S“PROCESSOR INTERFACE 


2210 0143 B1700 CONTROL PANEL INTERFACE 
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GENERAL DESCRIPTION 


The S "Memory Processor (Cor S-Processor) provides the 
combinatorial and arithmetic portion of the system atong 
with other registers and hard storage that are appropriate 
for efficient operation. 


The S“Processor provides hardware sensitivity to a set of 
fow-level micro-functions which are used in a = program 
string to fetch and execute instructions. This 
micro“program is contained in main mamory (B1700 
S~Memory). 


Inctuded in the S-Processor are registers and pseudo 
registers which are addressable by the individual 


micro~operatorse 


The registers are normalty addressed by a 4-bit group (Crow) 
number anda 2“bit select (cotumn) number as shown in 
Table le 


Some of the registers listed» such as the Pseudo Sum 
Registers can serve only as source registers while others 
are capabte of serving both as source and destination 
registers. Also» some of the registers listed are actually 
subregisters which» although parts of targer registerse 
can be individually addressed and manipulated. 


Table 2 summarizes the various conditions avaitable by 
addressing particular pseudo source registers and actual 
registers, Figure 1 tists the microcinstructions and their 
Variants? and Figure 2 is a diagram of the major 
registers. 


Onty the MARCA)» Ms» Cy» Ur» ML» and MIR registers are reset 
by a control panel CLEAR signal. 
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TABLE 12 M*=PROCESSOR REGISTER SELECTION 


SELECT NUMBER 


0 1 2 . 38 
Qo 4 TA Fu X SUM 
1 1 T8 FT Y CMPX 
2. 4 TC FLC T CMPY 
3 4 TD FLO L XANY 
i 
4 I TE FLE A XE OY 
5 I TF FLF M MSKX 
6 | CA BICN BR MSKY 
7 I C8 FLON LR XORY 
GROUP 8st LA FA ‘OIFF 
NUMBER 9 | L3 UNASSIGNED FB MAXS 
10 LC UNASSIGNED FL MAXM 
LO CPERR TAS U 
i 
12 1 LE XYCN cp CHBR «| 
i311 LF XYST CHshe> DATA 
14 J cc }|0=— CNC Na RE AD CMNOD 
151 


CO CPU WRIT NULL 


‘) TOPM»s PERR» INCN» MSM» AND MBR are not physicalty 
present tn. e | “Memory Processor-1 or “2. When 


any of them is addressed as a sources a binary value 
of zero is returned. When addressed as destination- 
the data is tost. (See PeSe £1913 17477 \M-MEMORY 
PROCESSOR» for meaning in the 81700 M-Memory 
Processors.) 
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BICN: § LSUY 4 CYF 1 CYD ¢ CYL |. 


XYCN: ) MS8X £ X=V §€ X<¥ | X>Y I 


XYST: 1 LSUX §$ INT 1 Y neq 0 ft X neq Of 


FLCNS 1 FL=SFL § FLOSFL § FL<SFL 1 FL neq O J 


§ CONTROL PANEL 1 TIMER {f I/40 BUS Jt CONTROL PNL 1 
COCs # STATE LAMP 4 INTERRUPT § INTERRUPT 1 INTERRUPT 1 


| FLIP-FLOP { j ! ! 


1 MEMORY § MEMORY RSVD 1 MEMORY RSVD ft MEMORY RSVD ( 
CD> § READ DATA I WRTI/SWAP ADDR # READ ADDR 1 WRI/SWAP ADDR 1 
{ PARe ERR» ¢ OUT OF BOUNDS 1 OUT OF BNDS § OUT OF BOUNDS ¢ 
f INTERRUPT I OVERRIDE 1! INTERRUPT 1 INTERRUPT i 


oO | 2 3 


ai MC MD ME MF : ‘ 


. i 
MICRO NAME Ss @ «3 s2 | ue. tt 9» 8:7 6 5 4 3 2 ! ry 00 01 10 it 
H : : | ! ' | i. | . t \ 1 VARIANTS | 060 oo! O10 Olt 100 io! ito itt 
REG 1 GROUP REG 1 REG 2 REG 2 GROUP i 
1G. REGISTER Ore pee rae SOURCE REGISTER SELECT SELECT | SINK REGISTER | REGISTER SELECT 
ry oI 0 | REGISTER GROUP REG MOV OPW|DOUSLE PAD WORD MOVDIR: REGISTER 0 ' 2 3 
2C {SCRATCHPAD MOVE _|SOURCE OR SINK = SELECT DIR. v2} ADDRESS 2 0PW: | LEFT : RIGHT eRouP 
3c | 48'IT ri) 0 ' i | REGISTER GROUP, “REG MANIPULATE | 4 BIT MANIP. MANIP. | SET i AND ; INC DEC DEC | ii re er ov enite 
MAN! PULATE _ . 4BIT SOR & SNK i SEL VARIANTS LITERAL i VARIANTS: : TEST TEST : c ae a CMPY 
BIT TEST REL }{{ 0 1 © 0 | REGISTER GROUP, REG TESTBIT DSP| RELATIVE BRANCH! ! DSP SIGN: 9 ROY 
4C | BRANCH FALSE _ 4 BIT SOURCE — : SEL: NUMBER SGN |DISPLACEMENT MAG.i 4) TE FLE MARA) xEOv 
art TEST REL |] 010 1 [REGISTER GROUP [REG TESTBIT , DSP|/ RELATIVE BRANCH: { 05P SIGN: é | C& BIENBR MeKy 
SC | BRANCH TRUE_ 4 BIT SOURCE SEL NUMBER | SGN|DISPLACEMENT MAG.. ; 7T/€B FLEN LR XORY 
SKIP WHEN 0 ! 1 0 | REGISTER GROUP REG SKIP TEST 4BIT TEST MASK f SKIP TEST] ANY; ALL EQL ALL © ANY/ AcL/ EQL/ ALL / Bj, LA RES. FA. OFF 
or gle Des seep fet 4 BIT SOR & SNK CSEL. VARIANTS Of VARIANTS: | CLR/ CLR/ CLR/ CLR CLR/jCLR/ CLR / CLR 2) EB rere FB Maxs. 
READ / WRITE 0 ' ' 1 | R/WICOUNT FA/FL | DATAREG TW: | DATA TRANSFER fi R/w var: READ , WRT . | yp LB 3288 TAS 
7c MEMORY VAR| VARIANTS CODE SGN, WIDTH MAGNITUDE CNT VAR: NOP :FAt ; FAt | FAs ie be evteaee  oRe® 
ac “MOVE BBIT REGISTER GROUP; | ENTIRE 8 BITS OF 6 BIT LITERAL Fee urerat | REG SEL: 8 eee comes 3 | LE XyST RES. DATA 
LITERAL REG SEL IS 2. TW 7 + S| CD CPU WRIT NULL 
MOVE 24 BIT. REGISTER GROUP | ry | 8 MOST SIGNFICANT “‘SIGNFICANT BITS OF, OF 
9c LITERAL REL SELIS 2. | FULL 24 BIT LITERAL 
“SHIF T/ROTATE _ SINK REGISTER | SNK REG S/R’ LEFT SHIFT/ROTATE eee VAR: 
0c T REG GROUP . SELECT VAR COUNT 
“EXTRACT FROM | RIGHT BIT POINTER SNK REG EXTRACTION FIELD | JSINK REG ; 
He T REG FOR EXTRACTION FLO-. CODE | WIDTH CODE: ; 
: INDIVIDUAL BITS OF SOME 4-8IT 
“BRANCH ; 
123C RELATIVE, 4 DSP SIGN: | + i REGISTERS HAVE SPECIAL 
mao Stk oD ~ tee oa = : MEANINGS AS NOTED BELOW: 
45C eects. | RELATIVE CALLED ADDRESS MAGNITUDE. |] OSP SIGN: | + NOTE: 
: BITS ARE NUMBERED HERE 
| } ACCORDING TO THE HARDWARE 
epoca U f CONVENTION : 
ae oe, LATL6 LCTLD LE UF 
Pr es : 3 of38 O38 O13 O35 OF 
oD “SHIF T/ ROTATE, S/R DIR | X/Y/LEFT OR RIGHT. XORY | i X7Y¥ VAR: [X Y. ; 7 Se. 
4 X oR Y VARIANT VAR |SHIFT/ROTATE COU a S/R, DIR: | SFT= SFT ROT ROT: 23 
5D “SHLF T Anan “5/R, DIR PT OR RIGHT X AN OFY S/R, DIR oF T=. SFT— 
rae _X* (AND ae VARIANT oilt T/ROTATE COUNT VARIANTS: 1BIT 1B6IT | RES. RES, : BIT # BICN XWON XYST FLON 
COUNT FA/FL COUNT SCALAR COUNT FA/ |N@P. FAt TFAt i FAG, FAé | : FAG ae Oe 
6D COUNT FA/FL VARIANTS L MAGNITUDE _FLVAR: VAR: : FLe ; FLé H FLt ° [Fee Fre ' vs coy beds Eueshe 
(eee eet eS ——~ sINK DPW SOURCE | oPwW ! ‘ i 2 crr x=ay INT OR FL>SFL. 
70 | EXCHANGE DPW ADDRESS | ADDRESS ! 3 tSUY = MSBX LSUX  FLSSFL 
; INT OR= ANY 1 OR MORE OF: 
SCRATCHPAD - [4 |sen LEFT HALF PAD P Si < 
6D RELATE FA - [4 |sen| WORD ADDRESS DSP SIGN: cco cci cc2 co3 
3D MONITOR LITERAL OCCURRENCE oENTiFiER |] 
CASSETTE 0 [CASSETTE “ii CASSETTE |START STOP @STOP oN UNDEF UNOEF: ‘UNDEF UNDEF UNDEF 
2Z2E CONTROL MANIP VARIANTS |“ MANIP: cC&CD 
ae ’ BIAS “TST TEST FLG: H : CCO CONSOLE SOFT HALT INTERRUPT . 
SE x VARIANTS FLG $4 BIAS VAR: : } ; CCH 1/0 BUS SERVICE REQUEST INTE.RPT. 
i CC2 REAL TIME CLOCK (00 mS) INTERPT. 
-#y H COO RESERVED 
; ee ; es Sr 
6c CARRY FF 4 CYF CYF 'CYF CYF i ‘ ' ! ' i Cb2 RESERVED 
MANIPULATE cyD CYL “1 i 
‘ CO3 MEMORY READ DATA PARITY 
ERROR INTERRUPT , 


vF HALT 


3F NORMALIZE X 
ZERO NO OPERATION 


FIGURE 1 S*PROCESSOR MICRG-INSTRUCTIONS ANO VARIANTS és 
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3.90 PRODUCT DESCRIPTION 

3e1 PROCESSOR REGISTERS 

3e1-1 MARCA) 


The MARCA) Register is a microprogram address register 
capable of addressing micro-operators located in S~Memory. 
When used in this manner the tlowercsorder 4 bits are 
ignored and the operator is fetched and stored in the *™ 
register» bypassing the rotator (fietd isolation unit). 
[The MARCA) Register is comprised of 19 bits in 
S*Processor 71 and 20 bits in S~Processor-2.] 


Binary increments from 0 through 4095 (multiplied by 16) 
may be added to or subtracted from MARCA) by means of a 
highspeed carry adder that facilitates micro~program 
branching. MARCA) is automatically incremented by binary 
16 during run modee Wraparound can occur = and is 
permitted. 


Notes The fetch of an M=op from the tast (Chighest 
addressed) 16 bits of installed S-Memory is not permitted 
since the automatic fetch of the next Mrop will in some 
cases address portions of memory that are not present 
which» in turns may result in parity errors. In addition» 
the maximum allowable S-Memory is subject to change. 


The MARCA) Register addresses 16-bit micro~operators in 
S~Memor y by assumij them to be tocated at bit boundary 
addresses exactly divisible by 16. These addresses are 


obtainable by tgnoring the rightmost 4 bits of the 


register. 


The MARCA) Register is addressable as a source and as a 
sink. When addressed as a sources all bits are produced. 
However» the rightmost 4 bits are masked to zeros. When 
addressed aS a Sink» the rightmost 4 bits of the source 
are moved to the rightmost 4 bits of the MARCA) Register» 
but are not significant. a 


The MARCA) Register also serves to address S=Memory for the 
REAO/WRITE micro~operator. In this case the address of the 
next microcroperator is temporarily stored in a scratchpad 
hotding register and the address in FA is moved to the 


3e1le2 
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MARCA) Register. The most significant bits of FA are 
ignored. The teast significant bits are not ignored = and 
are used to address memory at any vit location. The data 
is passed through the rotator. 


Note: When addressing S“Memory via the REAO/WRITE 
microsoperators data returned from non-present memory 
tocations will be zeros with odd parity if the address in 
MARCA) is in-mboundse and zeros with wrong parity if the 
address in MARCA) is outrtofebounds. In addition» if 
maximum S“Memory is installed» data and parity from the 
extremes of memory Clowest addressed portion if addressed 
in the forward direction and highest addressed portion if 
addressed in the backward direction) will be bit~-ORed with 
the zeros and odd parity bits» obtained because of the 
outcof-bounds condition. Thise in some caseS» may resutt 
in parity error. 


M 


The M Register (micro-register) is a 16~=bit register used 
to hotd the active micror~instruction (M-instruction or 
micro~operator ofr M~0op)e The state of this register is 
decoded to enable the different controt signals within the 
processor to perform the operations cattied for by the 
M-Op. The M Register is broken into 4 fields for decoding 
that are structured such that 60 distinct Mops can be 
decoded. 


The M Register is addressable as a source and as ae_e sink 
Cdestination). When used as a sink register» the source is 
bit-ORed with the upcoming Mop. Exception: In TAPE mode» 
the source is not bit~ORed with the upcoming M-op. 


A STACK 


The A Stack is 16 words deep by 24 bits wider does not have 
automatic hard overflows and operates as a push-down stack 
with a tast-in» first-out type of structure. Using this 
stacker the microcoded routines operate in the normal 
software catl-return type of programming. This attlows for 
a highly shared microcode structure and reduces” the 
associated memory requirements. Although the A Stack is 
not intended to be used aS an operand stacker it has 
purposely been made 24 bits wide to attow Llinited 
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capabilities for operand storage. v, 


consecutive pops or onsecutive pushes will cause the 
TAS pointer to contai its original contents. 


arap around of the r(Sfonsee is provided. That is» © : 


Seka TAS 


The TAS (Top of Stack) Register is a 24-bit register which 
is the top of the A Stack. The TAS Register is addressable 
as a source and aS a sink. References to TAS result in the 
stack being automatically pushed or popped. 


321.5 X AND Y 


The X Register and the Y Register are 24-bit general 
purpose registers used primarily to hold and to act as a 
source for the two operands of the arithmetic and 
combinatorial unit. Each register is addressable as a 
Source and as a sink. 


Both registers» along with -the L Register and the T 
Register» are capabdle of read/write operations with main 
memor ye 


Both registers are capable of the SHIFT/ROTATE operation. 
The X Register is capable of the NORMALIZE operation. 


341.26 L 


The L Register is a 24-bit generat purpose register used 
typicatly to hold togical flags for the micro-program 
code. The & Registers» as well as each 4-bit group of L 
Cdenoted as LA» LBo LC» LO» LE» and LF) is addressable as 
a source and as a sink. 


Since the L Register is addressable in 4~bit groups,» its 
contents are available for analysis and alteration via the 
4-bit function boxe MANIPULATE» SKIP and SBIT*TEST“BRANCH 
instructions can operate on Ll data. 


The Lb Register is one of 4 registers (Xs Y>» tL» and T) 
capable of read/write operations with main memory. 
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3e1.7 T 


The T Register is a 24-bit-general purpose register used 
primarily for the interpretation of S*Language 
instructions. The T Registers as wetl as each 4-bit group 
of T denoted as TA» TB» TCe TO» TE» and TF» is addressable 
as a source and as a sink. 


Since the T Register is addressable in 4-bit groupse its 
contents are available for analysis and aiteration via the 
4-“bit function boxe MANIPULATE» SKIP and BIT-TEST-BRANCH 
instructions can operate on T data. 


The T Register is one of 4 registers (€X» Yo UL» and T) 
capable of read/write operations with main memory. 


The T Register is also capable of the SHIFT/SROTATE and 
EXTRACT operations. 


341.8 FA 


The FA Register (Field Address)? is a 24-bit register used 
primarity to hold an absolute bit address for main memory. 
Lt has the capability of directty., ohare Mae any bit in 
the memory starting at any point. 


The FA Register is addressable as a source and as a sink. 


The FA Register is capabte of being counted up or down by 
a titeral in a micro~instruction or by the vatue contained 
in CPL in-order to facilitate iteration through a memory 
field. It can be incremented or decremented by a value in 
a teft scratchpad word. It also has the capability of 
being loaded» stored» or swapped atong with FB jinto a 
double scratchpad word. 


Neither overflow nor underflow of FA is detected. The vatue 
of FA may go through its maximum value or its minimum 
value and wrap around. 
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32129 FB 


The FB Register is a 24-bit register which can be 
functionatly divided into three portions: a 44-bit FU 
(Field Unit) Register» a 4“bit FT (Field Type) Register,r 
and a 16-bit FL CFietd Length) Register. 


The FB Register», as well as each 44-bit portion of FB 
(denoted as FUs FTr FLO» FLO» FLE» and FLF) is addressable 
as a source and as a Sinke In additions the 16-bit portion 
comprised of FLC» FLO» FLE» and FLF and denoted as FL is 
also addressable as source and as a Sinke 


The FU Register hotds the length of the unit which makes up 
a fietd in memory. The FY Register holds fietd type 
information white the FL Register holds the total length 
of the field. FL is capable of describing fields up to 
650636 bits and can be adjusted up or down by a literal in 
a micro-instruction or by the walue contained in CPL in 
order to facilitate iteration through a memory field. 


Note: Overflow of FL is not detected. The value of FL 
will go through its maximum value and wrap around. 
Underflow of FL is detected and with not wrap 
around. The vatue of zero is teft in FL. 


Since the FB Register is addressable in 47-bit groupse its 
contents are available for analysis and alteration via the 
4-bit function boxe MANIPULATE» SKIP and BIT-TEST-“BRANCH 
instructions can operate on FS data. 


FB has the capability of being swapped along with FA into 
a double scratchpad memory word. 


FU and FL atong with corresponding portions of the first 
cell of scratchopad are used to set the various conditions 
of FLCN (see Section 3.1e11» FLON) and. the various 
conditions of the CP register (see Section 3.4.16» BIAS). 


301210 SCRATCHPAD 


A scratchpad memory of sixteen 48-bit words is provided to 
hotd field descriptors during the iteration of operands. 
Some ceils may be used to hold SsLanguage stack pointers 


5-12-11 


3e1212 


521.213 


3e1-13-1 
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and other processor registers which are under constant 
manipulation. 


The FU and FL portion of the FB Register and tike portions 
of the first cell of the scratchpad are used to set the 
various conditions of FLCN (see Section 3.1.11» FLCN) and 
the various conditions of the CP register (see Section 
Ze4elbp BIAS). 


FLCN 


FLCON (field length condition) is a 4-bit pseudo register 
that hotds the result of a static comparison of the FL 
portion of the FB register and the corresponding portion 
of the first scratchpad word. It is addressable as a 
source only. 


FLON? § FL=SFL f FLOSFL 1 FL<SFL 4 FL neq 9 1 


BR AND LR 


The tR and 8R Registers are both 24-bit registers, 
addressable as sources and destinations. 


c 


The C C€control) Register is a 24-bit register which is not 
addressable is an entity but which is functionally divided 
into one S-pvit section and four 47-bit sections. 


CP CCYF» CPUs CPL) 


The 8=bit section» addressed as CP» is comprised of the 
arithmetic unit carry flip-flop (C(CYF)» the 22-bit unit 
control for the arithmetic unit (CPU) and the S-bit 
variable data tength control (CPL). CPU is addressahle as 
a sink only. 


3e12135.2 
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CPs { CYF 1 Cpu of CPL i 
1 Decal { Oaee 5 1 OeoeveSdl 1 
JAN 
] 
sone = (5 5 


CA» CBs CC» CD 


The remaining 16-bits of the C Register are addressable in 


4-bit groups as CA» CBs CC and CO. Their contents are 
available for analysis and alteration via the A4n-bit 
function boxe MANIPULATE» SKIP and BIT*TEST~BRANCH 
instructions are applicable. 


The 4-bit groups designated as CA and CB have no special 
functional assignment and are available as general purpcse 
4“bit storage registers. 


The two 4-bit registers designated as CC and CO are used 
for the storage of various processor states and conditions 
as shown below: 


i CONTROL PNL 1 TIMER 4 170 BUS ¢ CONTROL 1 
CCs t STATE LAMP 1 INTERRUPT # INTERRUPT 1 PNL { 
1 FLIP-FLOP ! 1 1 INTERRUPT I 
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§ MEMORY. 1 ! 1 ! 
CDO2 § READ DATA 1 RESERVED # RESERVED f RESERVED 1 
§ PAR ERROR 1 { 1 { 
| INTERRUPT 1 I ' f 
SAN 
{ 
LSB 


The control panel state tamp flip-flop when true wilt cause 
the STATE tlamp to tight. 


The timer interrupt signat is developed from the primary 
power frequencys» field adjustable for either SOHZ or 60HZz. 
The interrupt signat is received and is used to set the 
appropriate CC bit once every 100 milliseconds. 


The I/0 Bus interrupt tevet is derived from the various I/0 
controls connected to the processor's I/0 Buse The level 

is the result of a service request by one or more controls 

and is used to set the interrupt bit every clock time. 


The control panel interrupt tevet is derived from the on 
position of the control panel's INTERRUPT switche. The 
level from the switch is used to set the interrupt bit 
every clock time. 


The memory read data parity error interrupt is set as a 
result of a parity error signat received from the 
interface to main memory. 


No reaction occurs as a result of any interrupt until the 
micro=program tests the interrupt bit. 


A microvwinstruction or the control panel CLEAR pushbutton 
is capabte of resetting a bit in the C Register. The bit 
being reset wilt be fatse for at least one clock perioa 
following the reset regardless of the continued existence 
of the condition to set the bit Ceege» control panel or 
service request interrupts). Any test micro-operator 
executed in this clock period will find the bit false. If 
the condition does not continue to exist beyond the reset 
times a failure to set the bit may occur (C(eege» timer 


interrupt). 
ee NE EE 
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301614 MAXS» MAXM 


MAXS is a 24-bit pseudo register that can be field-adjusted 
to give tne actual size of the main memory installed in 

the system. It is addressable as a source onlye MAXS has 

4Kk~byte resolution. The least significant 15 bits and the 

most significant 5 (S-Processor-1) or 4&4 (S-Processor-2) 

bits of the register are always zeroes. MAXM» atso a 

24-bit pseudo registers always has a value of zero for the 

S$“Processor $e 


301215 U 


The U Register is a 167bit register used primarily to 
accumulate the bitcby-bit input from the control panei’s 
tape cassette. The U Register is addressable as a source 
register onty. 


In RUN modes» if data is not yet available in the register, 
the micro-operator wit! be delayed. Data not accepted in 
time wilt be lost. 


In TAPE mode» the register's contents are. automatically 
moved to the M Register for execution except when 
executing microwoperators that reference the U Register as 
a sourcee In these cases the source data is moved directly 
from the U Register to the destination and wilt not be 
treated as an instruction to be executed. The next 
instruction from the tape will follow this data. For MOVE 
24-BIT LITERAL» the 8 bits of the titerat in the MM 
Register are atso moved _ to the destination. For 
CONDITIONAL BRANCHse the A Register may be changed but the 
next micro-operator read from the tape will also be 
executed. 


Note: In RUN modes the U Register may not be addressed 
after the tssuance of a CASSETTE STOP micro. 


DATA is a 24-bit pseudo register that can act as a source 
or as a destination. It is used to transfer data to and 
from the [/0 Buse When it is used aS a source» the 


gee 17 


301018 © 


321.219 


321.220 
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processor. generates the RC CRESPONSE COMPLETE) signal to 
the interface and accepts the 24“bits of data from the 
puse When used as a destinations the processor generates 
the RC signal to the interface and the data from the 
designated source to the bus. 


CMND 


CMND (Command) is a 24-bit pseudo register that can act as 
a destination only. It is used to transfer commands to 
devices on the I/0 Buse The processor generates the CA 
Signal to the interface and moves the data (Cor. the 
command) from the designated source to the bus. 


NULL 


NULL Is a 24-bit pseudo register that can act as a source 
and aS a destination. when addressed a5 a sourcer all 
Zeros are supplied to the destination. When addressed as 
a destinations the source data is not accepted. However>s 
NULL is useful as a destination in order to pop the TAS 
Register without affecting other registers. 


READ 


READ is a 24-bit pseudo register that is not permitted to 
he addressed either as a source or as a destination in the 
S“Processorse [t is used in conjunction with a memory read 
operation from the control panel. (See PeSe #1913 1747 for 
meaning in the M-Processors.) 


WRIT 


WRIT is not permitted to be addressed as a source or as a 
destination» but is used in conjunction with a memory 
write operation from the controt panel. 
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24-BIT FUNCTION BOX 


The 24~bit “function box" is composed of a 24-bit 
arithmetic unit and a 24-bit combinatorial unit. It nas as 
data inputs the contents of the X and Y Registers and the 
carry flip~flop (CYF). It also uses the CPU and CPL 
portions of the C Register. 


Atl results from the combinatorial section are generated 
immediately and are continuously available to the 
micro-programmer.e. A move to one of the input registers or 
an alteration of a value in the CP portion of the C 
Register immediately generates a new resutt. The results 
are available to the next microrinstruction and are 
accessed by moving the contents of a result register to a 
destination register or by testing one of the 4-~bit 
condition registers. 


The results are most of the commonly used functions between 
two operandse These include the And» Ore Exclusive-Or, 

Sum» carryout» differences and borrow functions and the 

set of equal-to» greater-than» and less-than retlationals. 

The results of the unary operations of complementation and 

masking are also available. 


The results of the arithmetic unit are under control of the 
CPU and the CPL Registers as follows. 


CPU UNIT TYPE POSSIBLE CPL VALUES DATA TYPE 
00 t-bit operands 1 to 24 Binary 
00 4-bit operands 4851216»20»0r 24 4-bit binary 


10 Undefined 
11 Undefined 


For valid arithmetic operations» the operand tength (Cas 


specified by CPL) must be an exact multiple of the ltength 
of the unit specified by CPU. 


The contents of each of the registers described in the 


foltowing subsections are immediately available to the 
micro-programmer. 
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SUM 


SUM is a pseudo register equal to the sum of the X» Ys and 
CYF Registers (X + Y + CYF). Zero bits in the more 
significant bit positions of the 24-bit result are 
produced when the tength as determined by CPL (5-bit 
variable data length control) is tess than 24. Results are 
not defined for CPL values 25 through 31. The carry~out 
Level is yenerated from the bit position of the output 
specified cy CPL. If CPL = O» the carryc-out Level is equal 
to CYF. If CPL = 1» the carry~out level is generated from 
the rightmost bit of X» Y and CYFe See Section 3.41-13.1> 
CP (CYF» CPU» CPL). 


If CPU €2"bit arithmetic unit control) = O00» the binary sum 
is produced. See Section 3.1-13-1» CP (CYF» CPU, CPL). 


If CPU = O1- the decimal sum is produced by considering the 
X and Y inputs to be comprised of six 4-bit units. Results 
are not defined for non-Binary Coded Decimat (BCO) units. 
CPL must be a multiple of four. 


If CPU = 10 or ll» the sum is undefined. 


DIFF 


DIFF is a pseudo register equal to the difference of the X- 
Ys and CYF Registers (X = Y = CYF). Zero bits appear in 

the more significant bit positions of the 24~bit result 

when the length as determined by CPL is tess than 24. 

Results are not defined for CPL values 25 through 31- The 

borrow-out tevel» generated from the static comparison of 

all 24-bits of X & Y» is true if X < Y or if X = Y and CYF 

is true. 


If CPU = 00- the binary difference is produced. 

If CPU = U1» the decimal difference is produced by 
considerin3 the X & Y inputs to be comprised of six 4~bit 
unitse Results are not defined for non=BCD units. CPL must 
be a multipte of four. 


If CPU = 10 or 11» the difference is undefined. 


3e2e5D 
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A negative result is in 2"%s complement form in the binary 
case and in 10*%s complement form in the decimal case. 


XANY>» XORY» XEOY 


XANY (CX ana Yo» XORY (X or Yr and XEOY (CX exctlusiveror Y) 
are 24-bit pseudo ragisters that hold the results of the 
specified logical functions. Zero bits are produced in the 
more significant bit positions of the 24-bit result when 
the tength as determined by CPL is less than 24 Results 
are not defined for CPL values 25 through 31. 


CMPX» CMPY 


CMPX Ccomptement of X) and CMPY (Ccomplement of Y) ‘Té 
24-bit pseudo registers that hotd the 1*s complemen* of 
the specified registers. Zero bits are produced :«" the 
more significant positions of the 24-bit result -nen the 
length as determined by CPL is less than 24. Car values 25 
through 31 have undefined results. 


MSKX» MSKY 


MSKX» (mask of X) and MSKY (mask ef Y) are 24-bit pseudo 
registers that hold the mask of the appropriate register 
(X or Y). Beginning with LSB sf X or Yr the number of bit 
positions - included in the nask is determined by the value 
of CPLe Zero bits are produced in the more significant bit 
positions of the 24~%it result when the Length as 
determined by CPL is Less that 24. Results are not defined 
for CPL values 25 threugh 31. 


_ et 


BICN 


BICN (binary conditions) is a 4*bit pseudo register that 
holds the following binary conditions» considered as a 
4~bit group» and addressable as a source only: 
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NOTE? CYF is also addressed by the SET CYF M~Instruction 
as well as being available in the (8-bit? group 
addressed as CP. 


BICN: #¢ LSUY I CYF #t CYD i CYL 1 


{ 

1 ! j Carry Out Level 
I ! Borrow*OQut Level 

1 Carry Flip-Flop 

Least Significant Unit of Y 


The carryout level is a function of X» Yo CPL» and CPU. 
See Section 342e1» SUMs The borrow-out level is a function 
Of X» Yo and CYF. See Section 342-2» DIFF. 


LSUY is true if the Least significant unit of Y is equal to 
1 and CPU = O00» or if the least significant unit of Y is 
equal to 1001 and CPY = 00. 


XYCN 


XYCN (XY condition) is a 4-bit pseudo register that hotds 
the following relational conditions» considered as a 4-bit 
group and addressable as a. source only: 


XYCN: § MSBX # X=¥ § X<Y¥ |T X>Y 1 


eee eee eee ee ee ee ee ee ee ee ee ee ee i 


MSBX is true if the bit in X referenced by CPL is 1. CPL = 
1 references the rightmost bit of X while CPL = 24 
references the leftmost bit. MSBX = 0 if CPL = JO. 


The relationat results are based on the binary value of alt 
24-bits of X and Y.- 
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XYST 


XYST (XY states) is a 4~bit pseudo register that holds the 
following relational conditions» considered as a 4-bit 
group and addressable as a source onty: 


XYST: 1 LSUX i ae 


LSUX is true when the least significant unit of X is equal 
to 1 and CPU = 00» or when the least significant unit of 
X 38 equal to 1001 and CPU = is not equal to 00. 


The relational results are based on the binary value of alt 
24 bits of X or Y. 


i if any of the following conditions as reflected 
in Q(NCNS) CC» and COD are true. (See Section 3-229» INCN and 
3012-13. CA» CBe CCr CD.) 


le Timer [Interrupt ce) 
20 Bus I/O Interrupt cc @) 
‘3e Control Panel Interrupt cc (3) 


42 Memory Parity Error Interrupt cD?) 


( 
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INCN» PERR 


INCN Cinterrupt conditions? and PERR (Parity error) are 
4-bit pseudo registers which are not physically present in 
the S-Processors. When either is addressed as a source» a 
binary value of z9ro is yieldeds when addressed as 
destinations» the data is lost. 


4~BIT FUNCTION BOX 


The 4-bit function box C4-bit arithmetic and combinatorial 
section of the processor) can accept» as one of its 
inputse the-contents of any of the following 44-bit 
registers and pseudo registerse 


‘TA T8 TC TD TE TF 

LA L8 LC LO LE LF 

FU FT FLC FLO FLE FLF 
CA CB cc CO 

CA CB cc CD 


Outputs include the result of most of the commonty used 


functions between two operands; for example: Sete» Andy Ore 


ExclusiverOre Binary Sum and Difference Cboth modulo 16). 
Outputs are directed back to the source register. 


The sum and difference output can be tested for overflow 
and underflow respectively and» based on the test» a skip 
of one instruction can be made. 


The 4-bit function box also provides for the selective 
testing of one of the bits of a four-bit group) and 
relative branching based on the result of the teste A skip 
of one instruction based on the result of testing on a 
combination of up to four bits in the group is also 
provided. 


BICN» XYCN» XYST» and FLCN are not actually registers but 
can be sourced as if they ware. They can be changed only 
as aresult of changing the condition which they reflect. 


FORMAT: 
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M~INSTRUCTIONS 


REGISTER MOVE 


4 OP { SOURCE { SOURCE 1 DESTINATION # DESTINATION 1 
§ CODE $ REGISTER § REGISTER § REGISTER { REGISTER i 
{ 90001 § GROUP 4 4 GROUP # 1! SELECT #@ 1! GROUP # 1 
j 10 -15 1 Deeoe 3 1 Deee 3 1 Deeel5 I 


Move the contents of the source register to the destination 
register. If the source register is smattler than the 

destination registers data are right justified with teft 

(most significant) zero bits supplied. If the source 

register is larger than the destination register» data are 

truncated from the left. 


The contents of the source register are unchanged unless it 
is also the destination register. 


Exceptions: 


1. When M is used as a destination register in run or 
step moder the operation is changed to a bit-OR which 
modifies the next micro~operation. [t does not modify 
the instruction as stored in the memorye In tape 
moder no bit-OR takes place. 


2. CPU» WRIT» READ» and CMND are exctuded as source 
registers. 


3 e. BICNe FLON>s XYCN» XYST» INCNe READe WRIT SUM» CMPX> 
CMPY» XANY» XEOYs MSKX» MSKYs» XORY» DIFF» MAXS» MAXMe 
and U are excluded as destination registers. 


4. When DATA» SUM» or DIFF is designated as a sourcer 
CMND and DATA are excluded as destinations. 


5. U is excluded as a source in STEP mode but is 
permitted as a source in RUN or TAPE modee When U is 
used aS a sources TAS» MARCA) and WM registers are 
excluded as destinations. 
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6 e When Ar Me CPe or DATA is designated as a sources atl 


4-bit registers are prohibited as destinations. 


Se4e2 SCRATCHPAD MOVE 
1 OP { RGSTR &§ RGSTR | DIRECTION § SCRICHPD § SCRICHP) 1 
FORMAT: #§ CODE § GRP # 1% SLCT#¢ 4! 0 TO SCRICHPD § WORD } WORD i 
£ 0010 $ Oo--15 1 Oooed 1 1 FROM 1 O-LFT WRO | ADDRESS 1 
\ { . i { SCRTCHPO ! i-RT WROD ft Qee-15 1 


Move the contents of the register (SCRATCHPAD) to 
SCRATCHPAD Cregister). If the move is between registers of 
unequal tengthsr the data is right justified with teft 
(most significant) zero bits supplied or with data 
truncated from the left» whichever is appropriate. 


The contents of the source register are unchanged. 


Exceptions: 


1. When M iS used aS a destination register» the 
operation 48 changed to a bit-OR which modifies the 
next micro~operation. [t does not modify the 


instruction as stored in the memory. 


Ce CPU» WRIT» READ» and CMND are. excluded as source 
registers. 


5e BICN» FLON» XYCNse XYSTs» INCNe READ» WRIT» SUM» CMPX> 
CMPY> XANYs XORY» XEDYs» MSKX» MSKYe DIFF e MAXS» MAXM 
and U are exctuded as destination registers. 


4e M as a source resutts in a transfer of 24 zeroes. 


Se U is excluded as a source in STEP mode. 
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MH; WITH DOUBLEPAD WORD 


4 OP { 1 SCURCE 48-BIT 1 
FORMAT: {| CODE 1 48-BIT 1 SCRATCHPAD 1 
( 9000 0111 § SCRATCHPAD 1! WORD. ' 
4 § WORD 1 Owee15 4 
I § Qeee15 { | 


Move the contents of the FA and FB registers to a hotding 
register. Move the contents of the left and right word of 
the source scratchpad word to the FA and FB Register 
respectively. Move the contents of the holding register to 
the teft and right word of the destination scratchpad 


word. 
Lowy 8=BIT LITERAL 


10 {! DESTINATION § LITERAL 1 
FORMAT: 4 CODE { REGISTER 1 ! 
§ 1000 § GROUP # 1 Oeee255 I 
{ 1 042-15 1 1 


Move the 8~bit Literal given in the instruction to the 
destination register. If the move is between registers of 
unequal tengthse the data is right justified with left 
Cmost significant) zero bits supplied. The register select 
number is assumed to be 2. 


Exceptions: 


READ and WRIT are excluded as destination registers. 


34405 


FORMAT: 


{ 
! 
{ 
i 
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Gal 24-BIT LITERAL 


FORMAT: 


1 OP 1 OESTINATION f§ 24-B8IT LITERAL 1 
{( CODE ft REGISTER | OeeeMAX 1 
1 #1001 1 GROUP # 1 ! 
' § QeoelS ! { 


Move the 24-bit literal given in the instruction to the 
destination register. If the move is between registers of 


unequal 


lengths» the literat is truncated from the teft. 


The register select number is assumed to be 2. 


Excepti 


ons: 


Me CP» 


REAO» and WRIT are excluded as destination 


registers. 


READ/HRITE MEMORY 


oP { 
CODE 1 
0111 1 
{ 
1 


ww PMD SBE Se SB TP OF EBS 8 OBE D BPS SVB HF BGS Bs HF SS BHP BOTs enw ees eeve @ 


DIRECTION 1 COUNT 4 RGSTR # | FIELD 1 MEMORY 1 
0 to RGSTR 1 VRNTS 100 = X ft DIRECTION | FIELO 1 

1 T0 MEMORY 1 Osee7 1 01 = Y 1°90 - POSITIVE 1 LENGTH | 

110 = T %$¢€ 1 - NEGATIVE | 0.2.26 1 

| Pilr=t t 1 


Move the register’s (memory’s) contents to the memory 
(register). If the value of the memory fietd length is 
fess than 24» the data from memory is right justified with 


left ¢ 


most significant) zero bits supplied while the data 


from the register is truncated from the teft. 


The contents of the source is unchanged. 


Register FA contains the bit address of the memory fietd 


white 
Length 


the memory field direction sign and memory field 
is given in the instruction. 
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If the vatue of the memory field tength as given in the 
instruction is zero» the vatue in CPL is used. 


Memory field Length vatues Cor CPL values if MFL = 0) of 25 
and 26 are truncated to the value 24. When used on a write 
ooeratione the vatue 25 and 26 cause odd and even parity 
respectively to be written into memory regardtess of the 
parity of tne read data. 


For a description of the count variants» see Section 3.407» 
COUNT FA/FL. 


COUNT FA/FL 


4 OP 1 COUNT {1 LITERAL ft 
FORMAT: 1 CODE 1 VARTANTS Ut Owo--31 1 


$0000 0110 4 O...7 i 4 


Increment (decrement) binarily the designated register(s) 
by the value of the literal contained in the instruction 
or by the vatue of CPL if the value of the literat is 
Zero. 


Neither overflow nor underfiow of FA is detected. The value 
of FA may go through its maximum value or its minimum 
vatue and wrap around. 


Overflow of FL 18 not detected. The value of FL will go 
through its maximum value and wrap around. Underflow of FL 
is detected and will not wrap around. The vatue of zero is 
left in FL. 


Literal values Cor CPL values if LIT = 0) of 25 through 31 
are truncated to the vaiue 24. 
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Count variants are as follows: 


V = 000 No count 
001 Count FA Up 
010 Count FL Uo 
011 Count FA Up and FL Down 
100 Count FA Down and FL Up 
101 Count FA Down 
110 Count FL Down 
“111 Count FA Down and FL Dawn 


SCRATCHPAD RELATE FA 


{ OP # RESERVED 4§ SIGN OFF 1 LEFT SCRATCHPAD 
FORMAT: 4 CODE { {1 SPAD WORD { wCRD ADDRESS 

# 9000 1000 | 900 § O-POSITIVE § O«2-15 

( 1 f I-NEGATIVE 1 


Replace the contents of the FA Register by the binary sum 
of the FA Register and specified scratchpad register. 


Neither overflow nor underflow of FA is detected. The value 


of FA may go through its maximum value or its minimum 
value and wrap around. 


EXTRACT FROM REGISTER T 


1 OP f ROTATE { DESTINATION ¢# EXTRACT 1 
FORMAT: 4 CODE 1! BIT COUNT ! REGISTER 1! BIT COUNT 1 
4 1021 § O42.24 § 00 - Xx 1 002-24 ] 
i 1 ! ol - Y ] i 
! { f 10% ft ! i 
! { oe See © ! t 


Rotate Register T teft by the number of bits specified anda 
then extract from the right the number of bits specified. 
Move this result to the destination register supplying 
left most Cmost significant) zero bits if the extract 
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count is less than 24. 


The contents of the source register are unchanged unless it 
js also the destination register. 


A rotate value of 24 is equivalent to 0. 


304210 SHIFT/ROTATE REGISTER T LEFT 
1 OP § DSTNATN ! DSTNATN F S/R VARIANT # S/R ' 
FORMAT: § CODE I REGISTR # REGISTR 1 0 = SHIFT { SIT COUNT 4} 
! 1010 § GROUP #@ ! SELECT# § 1 = ROTATE & 044-24 1 
1 1 Qe001S $F DeweZ2 i ! ! 


MG BPE SOB Ge Wen eens ee esenee eae ene eBeese ene ee eeaeeenea@ eed ese 2 Oe eae an & 


SHIFT CROTATE) Register T teft by the number of bits 
specified and then move the 24-bit resuit to the 
destination register. If the mave is hetween registers of 
equal tengths» the data is right justified with data 
truncated from the left. 


The contents of the source register are unchanged unless 
the source register is atso the destination register. 


Zero filt on the right and truncation on the left occurs 
for the SHIFT operation. ji 


If the value of the SHIFT/ROTATE count as given in the 
instruction is zero» the value given in CPL is used. 


Exceptions: 


l. When M iS used aS a destination registere the 
operation is changed to a bitwor which modifies the 
next microsoperation. It does not modify the 


instruction as stored in the memory. 


Ze BICNs>s FLON» XYCN» XYST» INCN» READ» and WRIT. 


be4e11 


304212 


OWA 
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SHIFT/ROTATE REGISTER X/Y LEFT/RIGHT 


mmm ae ee ee Pa ee ee OSPR SFO Ogee es BH Re SOE ENE Be ee ee ae 


4 OP 4° S/R 1 L/R { xXsyY § S/R j 
FORMAT: 1 CODE -P VARIANT ¢ VARTANT # VARIANT § BIT \ 
1 0000 0100 1! OTSHIFT t O-LEFT JF O-X REG $' COUNT 1 
4 ( ItROTATE 4 I-RIGHT § I-Y REG t 0244-24 | 


SHIFT CROTATE) Register X or Register Y Left Cright) by the 
number of bits specified. 


Zero fitt on the right and truncation on the left occurs 
for the teft shift. Zero fill on the left and truncation 
on the right occurs for the right shift. 


SHIFT REGISTERS XY LEFT/RIGHT 


1 oP 1 SHIFT 


{ L/R 
FORMAT? 4 CODE { VARIANT= § VARIANT 
{ 0000 0101 1 0 1 O-LEFT 
1 1 1 1-RIGHT 


SH the concatenated X and Y registers teft Cright) by 
The register X is the leftmost (more significant) 
a 


Lf of the concatenated 48-bit XY register. 


Zero fiitt on the right and truncation on the teft occurs 
for the Left shift. Zero fill on the teft and truncation 
on the right occurs for the right shift. 


If the vatue of the shift count as given 
is not Ll» an undefined result will occur. 


Co? oT 
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3.4.13 NORMALIZE X 
top | | { 
FORMAT: {£ CODE i 


4 0000 0000 0000 0011 1 


SHIFT the X Register teft while counting FL down- until 
FL=0 or untit the bit in X referenced by CPL = 1. Zeros 
are shifted into the rightmost end of X- . 


CPL = 1 references the rightmost bit of X white CPL 24 


references the leftmost bit of Xe CPL is undefined. 


u 


324.14 CALL 


4 OP ! DISPLACEMENT # DISPLACEMENT 1 


FORMAT: § CODE § SIGN { VALUE j 
§ 111 1% O=POSITIVE 1 002-4095 t 
i i 1=NEGATIVE t i 


me DD eM Oe DO SE EP OPP Se OF PSB 2B ESE SB See 


Push the address of the next instine micro-instruction into 
the A Stack and then fetch the next micro~instruction from 

the location obtained by adding the signed disptacement 

value given in the instruction to the address of the next 

in-line micro~instruction. 


A displacement value indicates the number of 16-bit words. 


Note: When the A Address is stored in the A Stacks it is 
multiplied by 16 and stored as a bit address. 


Note: Exit is accomplished by emptioying the REGISTER 
MOVE anstruction with the TAS as the source 
register and MARCA) as the destination register. 


304215 


304-16 
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BRANCH 

1 OP 1% DISPLACEMENT 1! DISPLACEMENT | 
FORMAT: § CODE { SIGN 1 VALUE i 

4110 4 O=POSITIVE 1 064.4095 7 

! 1 1=NEGATIVE 1 { 


Fetch the next micro-instruction from the location obtained 
by adding the signed displacement value given in the 
instruction to the address of the micro~instruction 
next-in-Lline. 


A displacement value indicates the number of 16-bit words. 


BIAS 
4 oP { VARIANTS 1 TEST CPL NEQ O FLAG 1 
FORMAT: 4 CODE 1 10-7 NO TEST 1 
1 0000 0000 0011 1! O...7 {1 - TEST CPL RESULT I 


Set CPU to the value 1 if the value of FU is 4 or 8 and to 
OQ otherwiser unless V = 22 If V = 2» CPU is undefined. 


Set the value of CPL to the smallest of the values denoted 
on each tine in the foltowing table. 


VALUES 

FU 

24 and FL 

24 and SFL 

24 and FL and SFL 
CPL 

24 and CPL and FL 
CPL 

not defined 


NOM FWNPY OO 1 
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If test flag equats i and final value of CPL is not zero» 
the next L6“bit micro-instruction is skipped. 


304217 SET CYF 
1 OP 1 VARIANTS 1 
FORMAT: #4 CODE i 1 


# 0000 0000 0110 § Ll»2r4e8 1 


Set the carry flip-flop as specified by the variants. 


V = 1 Set CYF to 0 
2 Set CYF to 1 
4&4 Set CYF to CYL 
8 


set CYF to CYD 


Note CYD = (X<Y¥) + (X=Y)DCYF. 


324.18 &4-BIT MANIPULATE 
1 OP ¢ REGISTER ! REGISTER | VARIANTS 1 LITERAL 1 
FORMAT: 4 CODE § GROUP # 1 SELECT #1 ' 
1 0011 1 00.615 1 Oeeel i Geet 1 OseclS | 


Perform the operation specified by the variants on the 
designated register. 


V = 0 Set the register to the value of the Literal. 

1 Set the register to the logicat And of the register 
and literat. 

2 Set the register to the logical Or of the register 
and literal. 

3 Set the register to the logical Exclusive-Or of the 
register and literal. 

& Set the register to the binary sum (modulo 16) of 
the register and literal. 

5 Set the register to the binary sum (modulo 16) of 
the register and literal» and skip the next 
M-Instruction if a carry is produced. 
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6 Set the register to the binary difference (moduto 
16) of the register and literal. ‘ 

Y Set the register to the binary difference (moduto 
16) of the register and Literal» and skip the next 
M-Instruction if a borrow is produced. 


Exception 


BICN» FLCN» XYCNe XYST» and CPUr when specified as operand 
registers» are not changed as a result of this operation. 
However » the carry and borrow outputs are produced and a 
skip can result. 


504019 BIT TEST BRANCH FALSE 
{ OP 1 REG { REGISTER & REG 1 DSPLCMNT {t DSPLCMNT 1 
FORMAT: # CODE # GROUP # 3 SELECT #4 1! BIT # 4 SIGN { VALUE 1 
§ 0100 4 0...15 { Oweeel 1 Oeeed § O-POS 4 0..-15 { 
| ] 1 a | {1 1-NEG i { 


Test the designated bit within the specified register and 
branch relative to the next instruction by the signea 
displacement vatue if the bit is zero. If the bit is oner 
a displacement vatue of zero is assumed and control passes 
to the next tn-tine M-instruction. A displacement value 
indicates the number of 16~bit words from the next in-line 
instruction. 


See Section 3.1.13.2 for information on the reset of cbits 
in the C Reyister. 


304.20 BIT TEST BRANCH TRUE 


4 OP RGSTR i RGSTR 
CODE GROUP # | SELECT # 
1 
{ 


{ DSPLC MNT BDSPLCMNT 
t 1 
$ 0101 1 0...15 Devel 
{ j 


I { 
SIGN ${ VALUE ! 
O-POSITIVE § Geee15 1 
1-NEGATIVE § i 


FORMAT: 


{~— — on am jf 
OQ « 
e 
e 
td 
Le 

_ = ae oe 


Test the designated bit within the specified register and 
branch retative to the next instruction by the signed 


3e4-21 
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displacement value if the bit is one. If the bit is zero» 
a displacement value of zero is assumed and control passes 
to the next in-line M-instruction. A displacement vatue 
indicates the number of 167bit words from tne next invline 
instruction. 


See Section 341214625 CA» CBr CC» CO» for information on 
the reset of bits in the C Register. 


SKIP WHEN 
1 oP 1 REGISTER ! REGISTER | VARIANTS # MASK i 
FORMAT: 41 CODE 1! GROUP # 14 SELECT # 1 900-7 t Oeee15 1 
$0110 § 040.15 1 Oseel ! ' \ 


Test onty the bits in the register that are referenced by 
the "1" bits in the mask» ignoring ail others unless V = 
2 orv= 6. If So» compare att bits for an equal 
condition. Then perform the action as specified below. 


Vv = 0 If any of the referenced bits is a "1"» skio 
the next M-instruction. 
1 If atl of the referenced bits are “1"%» skip the 


next M-instruction. 

2 If the register is equal to the mask» skip the 
next M-instruction. 

3 Same asV = 1» but also clear the referenced bits 
to zero without affecting the non-referenced bits. 

4 If any of the referenced bits is a 1%» do not 
skip the next M-instruction. 

5 If att of the referenced bits are "1" do not skip 
the next M~instruction. 


6 If the register is equal to the mask» do not skip 
the next instruction. 
7 Same aS V = 4» but also clear the raferenced bits 


to zero without affecting the non-referenced bits. 


Note: if the mask equals 0000- the “ANY™ result is 


false. The skip is not made for V = 0 and is nade 
for V = & If the mask equats 0000+ the "ALL" 
result is truee The skip 158 made for V = 1 and =~*V 


= 3% and is not made for V = 5 and V = 7. 


504-222 


344223 
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Exceptions: 


1. BICNe FLCNe XYCNe and XYST cannot be cleared with y 
= $ or 7s Howevers they can be tested. 


2% See Section 3.1-13-2 for information on the reset of 
bits in the C Register. 


CASSETTE CONTROL 


FORMAT: 4$ OP CODE { VARIANTS # RESERVED 1 


109000 0000 0010 1! 0...7 ! FLAG BIT | 


{ | § Ovoeel 1 


Perform the indicated operation on the tape cassette. 


V = 0 Start Tape 
1 Stoo Tape (The processor atso halts if it is in 
TAPE mode.) 
Stop Tape if X Y <The orocessor atso halts 
regardless of modes) 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 


nm 


SNOnOuU & w 


Note: Alt Stop Tape variants cause the tape to halt in 
the next available gap. 


HALT 


FORMAT: # OP CODE | 
4 0000 0000 9000 0001 1 


Stop execution of the microtinstructionse The next micro to 


be executed is fetched and stored in the M Register and 
the MARCA) register points to the next following micro. 
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Be ae 26 NO OPERATION 
FORMAT: 1 OP CODE " 


1 90000 0000 0000 0000 1 


Bkip}to the next sequential instruction. 
344225 NO OPERATION 


FORMAT: 1% UP CODE § RESERVED 1 
§ 6000 1010 # 0000 0000 I 


Skig to the next sequential instruction. 
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M-INSTRUCTION TIMING 


M—instruction 


REGISTER MOVE 


C8CD source =~ SUM» DIFF. BICN with CPU 


CMARCA) as destination) 
(BCO source and MARCA) destination) 
CU aS source) 

SCRATCHPAD MOVE 


(BCD source -- SUM» DIFF» BICN with CPU 


(MARCA) as destination) 
SWAP F WITH OOUBLEPAD WORD 
Werrm® s-BIT LITERAL 
(MARCA) as destination) 
MOE 24-BIT LITERAL 
(TAPE mode) 
WRITE MEMORY 
READ MEMORY 
COUNT FA/FL 
SCRATCHPAD RELATE FA 
EXTRACT FROM REGISTER T 
SHIFT/ROTATE REGISTER T LEFT 
CMARCA) as destination) 
SHIFT/ROTATE REGISTER X/Y LEFT/RIGHT 
SHIFT REGISTER XY LEFT/RIGHT 
NORMALIZE 
Cif FL goes to zero) 
Cif MSBX = 1) 
CALL 
BRANCH 
BIAS 
Coranch taken) 
SET CYF 
4-BIT MANIPULATE 
(skip taken) 
BIT TEST BRANCH FALSE 
(branch taken) 
{BCD source -- BICN with CPY = 01) 
(BCD source and branch taken) 


ui 


39 


COMPANY CONFIDENTIAL 
S™MEMORY PROCESSOR 
#2201 6760 


Clocks 


WMmUOwWe Fe oes TFN CO FWN SD MH wD 


| 


a) 
7/bit shifted 
T/bit shifted plus 2 


Fim em Fw we Sh SUS 
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Meinstructions Clocks 
BIT TEST BRANCH TRUE 2 
Coranch taken) 4 
(8CD source “= BICN with CPU = 01) 3 
(BCD source and branch taken) 5 
SKIP WHEN 2 
Cbranch taken) 4 
(BCD source =~ BICN with CPU = O1) 3 
(BCD source and branch taken) p) 
CASSETTE CONTROL 2 
HALT 2 
Noge 2 


